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A. Meulenberg and E. R i t t n e r  
COMSAT Laboratories  
In  extending t h e  COMSAT v i o l e t  and non-reflect ive c e l l  technology t o  
lower r e s i s t i v i t i e s ,  s eve ra l  processes l imi t ing  output  power were encountered. 
The most important was the  dark d i f fus ion  cur ren t  due t o  recombination a t  t h e  
f r o n t  g r i d  contac ts .  After  removal of t h i s  problem by reduction of the  s i l i c o n -  
metal contac t  a rea  ( t o  0.14 percent  of the  t o t a l  a r e a ) ,  t he  e l e c t r i c  f i e l d  
enhanced junction recombination cur ren t  Jr was t h e  main l i m i t a t i o n  ( ~ i g u r e  1). 
Al tera t ion  of the  d i f fus ion  p r o f i l e  t o  reduce the  junction f i e l d  i s  shown t o  be 
an e f f e c t i v e  means of inf luencing Jr. The remaining problems a r e  the  bulk 
recombination i n  t h e  n+ l aye r  and the  surface  recombination a t  t h e  oxide-si l icon 
i n t e r f a c e ;  both of these  problems a r e  aggravated by band-narrowing r e s u l t i n g  
from heavy doping i n  the  d i f fused  l aye r .  Experimental evidence f o r  t h e  main 
l i m i t a t i o n s  i s  shown i n  Table 1, where increased d i f fus ion  temperature i s  seen 
t o  reduce both the  influence of the  f r o n t  g r i d  contac ts  and the  junction elec-  
t r i c  f i e l d  by increas ing the  junction depth. The p o t e n t i a l  f o r  f u r t h e r  s ig -  
n i f i c a n t  improvement i n  e f f i c i ency  appears t o  be high. 
TABLE 1. 1.20-cm (5-PERCENT CONTACT AREA) CNR CELLS 
DIFFUSED AT DIFFERENT TEMPERATURES 
Temperature Jdo J r ( a t  prnax) J~~ 
(p~ /cm ) (m/cm2) (m~/cm 1 
76O0c 12 + 1 
- 
27 + 1 
- 
42.5 
790°C 4.7 + .15 
- 
10 + 1 
- 
42.5 
820°C 4.5 + .6 
- 7 + 3  - 42.5 
850°C 3.8 - + -2  4 + 2  
- 41.8 
*This extended a b s t r a c t  i s  based upon work performed a t  COMSAT Laboratories  
under the  sponsorship of the  Communications S a t e l l i t e  Corporation. It i s  an 
extension of a more fundamental paper t o  be published i n  the  Journal  of Energy. 
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Figure 1. IV Analysis of a Shallow (0.1-pm) Junction 
0.1-a-cm Solar  Cel l  wi th  Low Contact Area (0.14%) 
